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ABSTRACT 
This paper presents data on residents’ use of common stairways and lifts (vertical 
circulation spaces) in multi-storey apartment buildings (MSABs) in Brisbane, Australia. 
Vertical movement is a defining aspect of multi-storey living and the energy consumed 
by lifts contributes significantly to the energy budget of the typical MSAB.  The purpose 
is to investigate whether a reappraisal of vertical circulation design, through the lens of 
residents’ requirements, might contribute to energy reductions in this building type. 
Data was gathered on a theoretical sample of MSAB ranging from five decades old to 
very recent schemes. 90 residents were surveyed about their day-to-day experiences of 
circulation and access systems.  The results showed that residents mainly chose to use 
the stairs for convenience and exercise. Building management regimes that limited 
residents’ access to collective spaces were the main impediment to discretionary stair 
use. Only two buildings did not have fully enclosed stairwells and these had the highest 
stair usage, suggesting that stair design, and building governance are two areas that 
might be worthy of attention. The more that circulation design is focussed on limiting 
access, the less opportunities there are for personal choice, incidental social interaction 
and casual surveillance of collective spaces. The more that design of vertical circulation 
spaces in MSAB meets residents’ needs the less likely they are to be reliant on 
continuous energy supply for normal functioning. 
 
Keywords: Multi-storey apartment buildings, vertical circulation, subtropical, 
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INTRODUCTION 
Background 
Multi-storey apartment buildings are burgeoning on the skylines of Australian 
cities as governments adopt urban consoldiation policies to manage population 
growth. However, apartment buildings are contentious in the context of 
sustainable urban development, being the most energy intensive housing type 
in terms of both the embodied energy of the structure (Pears, 2005), and the 
operational energy of an array of functions that are intrinsically linked to the 
uninterrupted supply of electricity (Oldfield, Trabucco, & Wood, 2009) 
including vertical movement, hydraulics and mechanical exhaust.  While most 
apartment buildings adopt a form and configuration that rely on air-
conditioning, this factor can be overcome by alternative design approaches. 
However, vertical movement is a defining aspect of multi-storey living, and 
though stairways have long been an important means of overcoming differences 
in height in tall buildings, lifts are the principal form of vertical circulation, and 
stairways are reserved for emergency egress. The energy consumed by lifts 
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contributes significantly to the energy budget of the typical MSAB (GBCA, 
2009). Along with lighting and ventilation for the network of vertical and 
horizontal shared spaces, including building entrances, stairs, and corridors, 
that link individual dwelling entrances with the rest of the building and the 
surrounding neighbourhood, lifts can also represent a high percentage of 
individual households’ energy costs (Huxham, 2013). Both the energy 
consumption of these services and the cost of electricity to residents may be 
able to be reduced if there is less reliance on lifts for vertical movement, and 
less reliance on 24-hour lighting and ventilation in stairs and collective areas. 
When some apartment buildings in Brisbane were inundated during a major 
flood in 2011, the problems experienced by residents exposed the short-comings 
of the energy-dependent approach that characterises much contemporary 
apartment building design in Australia (Lewis & Kennedy, 2012). In particular, 
the lack of amentity and utility of shared circulation spaces that normally 
required artificial lighting and mechanical ventilation was palpable during this 
crisis. In some cases, damaged lifts were immobilised for a period of many 
weeks, and residents were obliged to negotiate inhospitable unlit, unventilated 
corridors and stairwells for access and egress, day and night. Apart from the 
inconvenience, conditions like these caused anxiety and were perceived by 
residents as a personal security risk during the prolonged reconstruction phase. 
Exit doors that were propped open to admit air or light presented unpredictable 
security situations where residents might encounter non-resident strangers. 
This practice also ran counter to Australian fire safety design regulations thus 
putting residents at fire safety risk as well (Lewis & Kennedy, 2012).  The poor 
performance of collective circulation spaces in abnormal circumstances brings 
into question the integrity of current approaches to the design of vertical 
movement systems in MSAB in normal building use. Indeed circulation spaces 
with limited access to natural light or ventilation may negatively affect 
residents’ overall dwelling experiences in MSAB. 
Many typical MSABs are derived from the double-loaded corridor model in 
which apartments are arranged around a compact central core. The shared 
circulation areas comprising corridors, lifts, and stairs are usually fully-
enclosed with no access to natural light or ventilation.  Without the aid of 
artificial lighting and ventilation, these spaces, particularly stairwells, are dim, 
airless and these qualities may affect residents’ overall dwelling experiences 
negatively. Though stairways are often conceived as emergency exits rather than 
for general vertical mobility, it is posited that well-designed, open and well-lit 
stairwells may encourage more frequent general use and diminish the intensity 
of energy input required for vertical movement.  
 
Purpose 
The purpose of this paper is to present data and discussion on how aspects of 
the access and circulation spaces of multi-level residential buildings affect 
residents’ everyday lifestyles. It considers whether a re-appraisal of circulation 
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design might be justified to better meet residents’ social and lifestyle needs, and 
reduce both energy use in MSAB and residents’ associated energy costs.  
 
Significance 
The implications of this research are that architectural aspects of multi-storey 
apartment buildings (MSAB) can better support lifestyle needs, and reduce 
energy demand, if entrenched approaches to vertical movement solutions are 
replaced by more sustainable practice in the development, design and 
occupation of multi-storey apartment buildings.  
 
LITERATURE REVIEW 
Effects of resident behaviour on energy consumption 
Ecological footprint analysis (EFA) reduces the relative environmental impact 
of all categories of a good or service to a land area as a common measure 
(Wackernagel & Rees, 1995).  A UK study into the development of sustainability 
ratings for homes, cited by Frame and Vale (2006), calculated that the overall 
EFA of a typical household is determined by:  
1) factors related to the building and dwelling, such as resource use in the 
home and the “fabric” of the structure;  
2) factors related to the larger urban context, such as land use and fabric of 
infrastructure; and  
3) behavioural factors related to choices households make regarding 
transportation mode, food source, attitude to consumer items (choice to 
acquire, replace and upgrade) and wastage.  
Significantly, the four aspects listed under “behaviour” made up over 60% of the 
total impact of a household and the researchers estimated that behavioural 
changes could result in at least a 22% reduction in the ecological footprint of the 
typical household without physical changes to the fabric of the home, or 
structure of the urban context (Frame & Vale, 2006).   
While building users play a critical role in the energy consumption profiles of 
buildings they occupy, this role is poorly understood by policy makers 
(Chappells & Shove, 2005) and is often overlooked by designers (Janda, 2011). 
Janda (2011) notes that the exact proportion of occupant influence is variable, 
but behavioural changes make an important contribution to more sources of 
energy savings than are available through architectural and technical strategies 
alone. This supports Frame and Vale’s (2006) assertion that behavioural 
changes may have the greatest impact on a household’s ecological footprint.  
There is a wide array of complex societal and technological factors and 
interrelated behaviours at play in the development, planning, and occupation of 
MSABs that are difficult to quantify, including residents’ normal practices, 
which are a combination of habits (“my way of doing things”) and the 
technology of the day (Shove, 2003). Shove (2003) conceptualises the rituals we 
accept as part of our everyday lives, such as using domestic appliances, as the 
consumption of services rather than consumption of energy. Subtle, or not-so-
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subtle, changes to conventional practices and acceptance of the normality of 
these practices are related to the escalating demand for key energy resources 
(Chappells & Shove, 2005). In this way, the adoption of technology merges 
almost unnoticed with the rituals of daily life to become normal practice, as 
does consumption of energy services associated with such technology. Thus 
where stairs were once the principal means of vertical movement in multi-
storey residential buildings, the “service” of overcoming height is now provided 
predominantly by lifts. This approach seems to dictate that residents will be 
satisfied with relying on the lifts for vertical movement to meet their everyday 
needs. 
 
Residential satisfaction 
Studies from the fields of sociology and psychology demonstrate that 
environmental quality is important to people’s feelings of well-being and 
satisfaction with regard to the “residential environment”. For the most part, 
empirical research on high-rise dwelling satisfaction and socio-environmental 
factors is concerned with residents’ perceptions of a mix of factors, from the 
management of the building complex to characteristics of collective areas of 
MSABs. According to a study conducted in Seoul (Lee, Je, & Byun, 2011) 
residents’ perceptions of the quality of collective areas in MSAB is indicated by 
upkeep, availability of daylight and good air quality, safety and security 
(freedom from external threats) convenience of use, and the ability to control 
the intensity of interactions with neighbours. Meanwhile, residents of 
Singapore’s high-rise residential towers worried about security and safety and 
some were concerned about vertigo and lift breakdown (Yuen & Nyuk Hien, 
2005).   
The aforementioned research has not looked particularly at the role of resident 
behaviour with regard to lift usage and potential energy reductions, however, 
Leaman and Bordass (1999) in their research into workplace buildings note that 
occupants’ ability to control the internal environments according to their 
personal preference and choice is important to their sense of satisfaction, and 
may be a key to low-energy design strategies. For example, occupants are less 
satisfied if building automation systems limit their choice to open or close 
windows, or to adjust blinds for thermal comfort or glare control. In the same 
way, personal control over personal space has been identified as an important 
factor in residential satisfaction in high-density environments.  Overall, use of 
space in the home, and control over privacy and annoyances seem to be behind 
the preference for detached houses over other types of housing (Bell, Greene, 
Fisher, & Baum, 2001). Though residents of multi-residential buildings expect 
to modify their behaviour in order to co-habitate peacefully with their 
neighbours they also value a certain amount of autonomy, and the freedom to 
adapt or control their personal lifestyle practices (Queensland University of 
Technology, 2009). 
 
I-Dwell International Conference 2015 
 
 
METHODOLOGY 
Data was gathered on residents’ behaviour and expectations with regard to 
vertical circulation systems (lifts and stairways), as part of a larger study 
focused on the investigation of potential best practice exemplars for high-
density subtropical living. Six buildings that were identified as having certain 
attributes that might be conducive to lifestyle in the subtropical climate (such as 
availability of natural light and cross-ventilation in common corridors and 
private dwellings) were selected for study (refer Table 1). An invitation to 
respond to an electronic user experience survey was distributed to the 
occupants of all apartments (n=772) via letter drop, with appropriate 
permissions and ethical clearance. For this particular paper, residents were 
specifically asked how often they used the stairs in their building with responses 
being recorded as daily, weekly, monthly or never. Two open-ended questions 
allowed participants to add extra responses regarding their reasons for choosing 
to use stairs, or not. A thematic analysis identified key themes regularly invoked 
by the respondents.   
 
Table 1. Description of selected multi-storey apartment buildings surveyed 
 
 Date Height 
(Storeys) 
No of 
dwellings 
Circulation type 
(Sherwood, 
1978, 2002) 
Stair 
(number) 
Physical form 
(Sherwood, 
1978, 2002) 
1 1962 12 98 apartments  
 
Gallery access, 
semi enclosed 
External, 
semi-
enclosed (2) 
Slab 
2 1996 26 176 
apartments 
Double loaded 
corridor 
Enclosed 
with central 
lift core (2) 
Tower on 
podium 
3 2000 6 75 apartments 
+ 
19 studios 
Single and 
Double loaded 
corridor types 
Enclosed 
(3) 
Slab 
4 2006 13 213 
apartments in 
4 buildings.  
Point access and 
Skip stop 
Double loaded 
corridor 
Internal, 
semi-
enc.natural 
light and 
vent (1) per 
building. 
Tower and 
slab 
5 2011 10 
 
107 
apartments+ 
6 townhouses 
Gallery access, 
open 
Enclosed (2) 2 x Slabs 
6 2012 9 84 apartments Gallery access, 
open 
Enclosed (2) Slab 
 
Source: Author 
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RESULTS 
The overall response rate to the survey was 11.65% (Table 2). A very low 
response rate in Case 4 was attributed to failure to engage a high number of 
residents from a non-English speaking background. Mean frequency of use for 
this case is not statistically valid. Nevertheless, useful information was gained 
from respondents’ comments. 
 
Table 2. Survey response rate and data on frequency of stair usage 
 
 Date Survey 
response 
rate 
Number of 
respondents  
Daily  Weekly Monthly Never 
1 1962 19% n=19 26.3% 42.1% 10.6% 21% 
2 1996 13% n=24 0 0 0 0 
3 2000 13% n=12 33% 25% 25% 17% 
4 2006* 3.3% n=7 57% 29% 14% 0% 
5 2011 18% n=20 25% 15% 20%  40% 
6 2012 10% n=8 0 0 0 0 
 Total 11.65% n=90     
*not statistically valid 
Source: Author 
 
Stair use 
More than a quarter of respondents in three cases used the stairs on a daily 
basis (Cases 1, 3 and 5). Convenience and time-saving – “faster than taking the 
lift” - and physical activity were the main reasons that residents gave for 
choosing to use the stairs. Residents who used the stairs on a daily basis in Case 
1 lived on the lowest four levels, but those from every level used the stairs on a 
weekly basis, mostly for exercise, or for travel between floors. A further theme 
was sociality and convenience – when visiting neighbours on other levels in the 
building, walking up and down one or two flights of stairs was much quicker 
than taking the lift. Residents also appreciated the incidental exercise they 
obtained in this way. 
Residents never used the stairs in Cases 2 and 6 because management decisions 
restricted resident movement between levels. In these cases, dwellings were 
only accessible by lift, using an electronic key fob, and only to floor of residence. 
Reasons given for not taking the stairs, other than management policy, were to 
do with carrying loads of groceries or other items, or self-described “laziness”. A 
few respondents had physical mobility issues and depended fully on the lifts for 
vertical movement through the building.  
Case 5 had the highest percentage of people who never used the stairs. The 
building had one lift, and stairwells at either end of a long gallery were designed 
solely for emergency evacuation rather than everyday use (Fig. 1). Residents 
were frustrated by various issues including long waiting times for the lifts, and 
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being obliged to use the lifts to ascend (because access from the stairwell to 
each level was permanently locked) and being unable to use the stairs to visit 
neighbours on other levels for the same reason regarding management of 
security. Nevertheless, though the stairwell was “unpleasant”, some chose to use 
the stairs to descend or for exercise because it was more convenient than 
waiting for the lifts. But the fully-enclosed stair wells were not an inviting 
alternative. At ground level, the stairwell exited directly to the exterior of the 
building. Similarly, lack of direct stair access between the residential tower and 
basement made normal home-based activities such as car-parking garages, 
storage spaces and recycling bins, inconvenient to access other than by the lift.   
 
  
Figure 1: Case 5 Typical Floor Plan 
Source: adapted from diagram by M. Young QUT 
 
Lack of clear way-finding was another reason stairs were not used more 
often in some cases: “no clear signage - some people think it is for emergency 
exits only”.  For example, in Case 3, the stairways are behind closed doors and 
not clearly accessible (Fig. 2).  
 
 
Figure 2. Case 3 Level 2 Floor Plan 
Source: Diagram by A di Lembo QUT. 
 
In the buildings where management control prevented the usage of stairs 
completely unless in case of fire emergency (Cases 2, and 6, see Figs. 3 and 4 
below) stairwell doors were fitted with security alarms, and were not accessible. 
Residents were unhappy about the restrictions to their access to the stairs and 
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movement inside the building, and would have preferred to use the stairs rather 
than wasting time waiting for the lift. “I would like to use the stairs, rather than 
waiting for lifts”.  
 
 
 
Figure 3. Case 2 Typical Floor Plan 
Source: Diagram by E. Vasilyeva QUT 
 
 
 
 
 
Figure 4.  Case 6 Typical Floor Plan 
Source:  Diagram by R. Callinan, QUT 
 
These findings indicate a mismatch between vertical movement design and 
management, and resident-identified expectations of reasonable choice of 
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behaviour. Dissatisfaction with perceived lack of autonomy and feelings of 
being inconvenienced were clear themes. The findings also support the 
hypothesis that well-designed, open and well-lit stairwells encourage more use, 
and that residents’ day to day access problems are often to do with decisions by 
others regarding managing security concerns rather than with facilitating 
choice and convenience in vertical movement. The relationship between 
decisions regarding lift usage and energy demand reduction was not raised by 
respondents. 
     
DISCUSSION 
The study found that residents’ experiences of vertical mobility and access were 
eased or worsened depending on the configuration of stairways and on 
governance matters within the building. Only two buildings did not have fully 
enclosed stairwells and these had the highest stair usage, suggesting that stair 
design, and building governance are two areas that might be worthy of 
attention. In turn, these factors are interrelated and the product of a complex 
interaction between regulations, developers’ expectations and socio-
technological trends. Two contemporary design and development trends are 
impacting each other: the introduction of keyless locking systems designed to 
preserve security and reduce the risk of intrusion by non-residents and 
criminals, and, the re-assignment of stairs to one specific role – that of 
emergency exit – rather than as a viable means of moving through a multi-
storey building on a more normal basis.   
 
Electronic security  
The influence of technologies on our daily lives has benefits and drawbacks.  In 
Vancouver’s False Creek North master planned high density high rise 
community, though residents appreciated the convenience of electronic locking, 
they regretted that controlled access inhibited neighbourliness floor-to floor 
(Hofer, 2008).  Security systems that exclude residents and visitors from all but 
the shared areas of the floor level that provides access to their private dwelling 
produce further conditions for anonymity and withdrawal in a building type 
where privacy is important but a sense of community is also important to 
preserve harmony and cohesion (Randolph, 2006). Paradoxically, keyless 
electronic security measures may effectively contribute to a “gated community” 
mentality and may create conditions for socially deviant behaviour (Troy, 1996) 
(p38).  Further, power outage and flood damage caused electronic locking 
systems to fail in Brisbane, leaving residents vulnerable to insecure points of 
entry (Lewis & Kennedy, 2012).  
 
Regulatory provisions for access and egress 
The objectives of Section D Access and Egress of the Building Code of Australia 
(BCA) Volume 1 are: “safe equitable and dignified access” and to “safeguard 
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occupants from injury while evacuating in an emergency” (ABCB, 2013).  The 
regulations are concerned with the number and location of stairways and ramps 
that serve as emergency exits in the event of fire, and the dimensions, distances, 
illumination and fire protection of the “paths of travel” from dwellings to these 
exits (ABCB, 2013). While mandatory performance provisions in the BCA 
impose certain constraints, they are designed to prevent harmful outcomes 
rather than to prevent or encourage best practice design. The BCA provides 
non-mandatory “deemed to satisfy” (DTS) solutions which have a good safety 
history, but are usually conservative, and are not necessarily the most cost-
effective way of achieving the desired outcome. Stairways are routinely fully 
enclosed and use by residents is discouraged for any reason other than 
evacuation in a fire. This approach neglects the other part of Section D, which is 
about “access” and imposes certain behaviour on residents (increased lift usage, 
no access between floors).  It also contributes to the energy burden (lift usage, 
lighting and ventilation in stairwells and so on) and presents problems when 
power outages or other breakdowns immobilise lifts. 
However, regulatory issues per se are not the problem. The regulatory 
requirements governing the design of such spaces in multi-storey buildings in 
Australia have changed little in over forty years, but the occurrence of fully-
enclosed stairways is more prevalent in contemporary buildings. The oldest 
building in the sample (Case 1, constructed 1962) complies with the regulations 
and has the highest frequency of stair use. The stairways are well-lit and 
ventilated naturally.  The physical configuration of the stairways in relation to 
the main building means they are also clearly visible from the access corridors 
and this casual surveillance is a potent factor in resident perceptions of security 
(Figs. 5 and 6). 
 
 
Figure 5.  Case 1 Typical Floor Plan.  
Source: Diagram by M Fletcher, QUT. 
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Figure 6. Case 1. View from gallery access corridor toward stairwell. 
Source: Image by M Fletcher, QUT.  
Building Case 4 provides an example of innovation where day-lit and naturally 
ventilated semi-enclosed stairwells are conceptualized first and foremost as 
active circulation spaces, and double as emergency fire egress. The “point 
access” type is a variation of the double-loaded corridor type, where apartments 
are arranged around a lift core. However, the corridors are conceptualized as 
“breezeways” and individual dwellings feature “breezeway lobbies” with outer 
louvred doors that provides air movement and privacy, and a single fire door 
internally that can be closed at the resident’s discretion or “held open” with 
devices using electromagnetic catches that release and safely isolate the units in 
the event of a fire. (See Fig.7 below). This approach provides the advantage of 
smoke control and negates the requirement for expensive stair pressurization 
plant. In this case, residents commented on the positive effect on private spaces 
and regarded natural ventilation strategies in shared circulation areas as the 
building’s strongest assets. Views to the exterior through the open access stairs 
also provide an engaging outlook for people waiting for lifts to arrive, and help 
reduce the perception of wasted time (See Fig 8). These initiatives reduce 
overall running costs of the building and promote a more liveable environment. 
The contemporary path of least resistance to regulatory compliance, which 
relegates stairs to sealed emergency exits, ignores the advantages of innovative 
design solutions to meeting the provisions of the code, as well as other 
beneficial outcomes for residents such as sense of control, convenience and 
sociality, and physical activity. 
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Figure 7. Case 4 Typical Plan showing fire-engineered circulation spaces with natural 
ventilation and daylight 
Source: Diagram by A. Munro, QUT. 
 
 
 
Figure 8. Case 4 Stairwell with natural ventilation and daylight 
Source: M. Kisluk. 
 
CONCLUSION 
A survey of residents of a theoretical sample of MSAB in Brisbane found that 
vertical circulation spaces designed without access to natural light and 
ventilation negatively affected residents’ experiences of physical activity and 
way finding, and perceptions of security, privacy, and sociality.  Significantly, 
the study reveals some of the different approaches to stairway design and 
management expectations over a period of five decades.  The occurrence of 
fully-enclosed stairways is prevalent in contemporary MSAB and the design of 
circulation spaces is becoming more reliant on energy for normal functioning, 
and more focussed on limiting access to common spaces through electronic 
control systems, and less on residents’ desires for choice and convenience.  
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The implications are that circulation design is affecting residents’ dwelling 
satisfaction by limiting their personal control over use of these communal 
spaces day-to-day, as well as causing disadvantage from an energy and cost 
perspective. In addition, fully-enclosed corridors and stairwells present mobility 
and security problems for residents during disruptions such as power-outages.  
The design of shared circulation spaces and vertical access systems is not the 
sole determinant of sociality, energy use and so on, in apartment buildings, but 
is very influential on building performance in terms of these indicators. The 
more that circulation design is focussed on limiting access, the less 
opportunities there are for personal choice, incidental social interaction and 
casual surveillance of collective spaces. The more that design of vertical 
circulation spaces in MSAB meets residents’ needs the less likely they are to be 
reliant on continuous energy supply for normal functioning.  
Also, as well as emergency evacuation procedures, the design of shared 
circulation spaces and access systems needs to take into account the 
characteristics of the resident population and their expectations of safety and 
security in normal building use.  The findings of this paper signal that a 
reappraisal of vertical circulation design through the lens of residents’ 
requirements may be justified and is likely to contribute to significant energy 
reductions in the MSAB type by allowing residents to modify their behaviour 
regarding choosing to use stairs more often.  
Environmentally, designing vertical circulation systems to better meet 
residents’ social needs, may lead to direct reductions in household energy use in 
apartment buildings and contribute to the stated objectives of urban 
consolidation policies. This paper has shown that barriers to positive change are 
literally built in to the fabric of the residential environment, and that re-
thinking various aspects in the development, design and occupation of multi-
storey apartment buildings is needed to order to overcome entrenched 
impediments to more sustainable practice. 
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